ABSTRACT
INTRODUCTION
Moringa oleifera (fam. Moringaceae) is a widely cultivated species originated from north-west India that can be exploited both in irrigated and in dry conditions and that presents a high potential due to its multiplicity of uses in food, cosmetics, medicinal and other industrial applications (Lorenzi and Matos., 2002; Silva and Kerr., 1999; Correa, 1998; Matos., 1998; Ramachandran et al., 1980) . Nutritional value of its leaves has been recently reviewed and revealed it to be a good source of protein, iron, calcium, vitamins A and C when compared with other plant foods such as cassava, amaranth, carrot and mango (Ferreira et al., 2008) . The oil extracted from its seeds (known as ben or behen oil due to the high behenic acid content) has a 38 -40 % yield and can be used as a food, a cosmetic and a lubricant (Banerji et al., 2009) . The refined oil is clear, odorless, and rancid-resistant. Seed biomass remaining after the oil extraction can be used as a fertilizer or a flocculating agent for water purification (Silva and Matos., 2008; Ferreira et al., 2008; Muyibi et al., 2002) . The oil extracted from M. oleifera seeds is regarded as having a good commercial interest due to its physical, chemical and pharmacological characteristics (Fahey, 2005) , although data on its nutritional value are not available. Based on these premises, a biological evaluation of crude and degummed oil extracted from M. oleifera seeds was performed aiming at investigating its potential nutritional quality.
MATERIALS AND METHODS

A-Moringa oleifera oil
The seeds were obtained from Patos, Paraíba -Brazil. Oil extractions were performed in a Soxhlet apparatus using hexane as a solvent. For diets preparation, both crude and degummed oils were used. Degumming was done by heating the oil at 70 o C, adding 20% (w/w) of water and agitation for 20 minutes. The insoluble fraction was separated by centrifugation aiming at removing the gums (phosphatides, proteins and colloidal substances) (Tsakins et al, 1998) .
B-Animals
Thirty two 23-day old male Fisher rats were housed in individual cages and kept under controlled conditions of temperature and humidity with a light/dark cycle of 12-12 h. Diets and water were offered ad libitum for 28 days and food consumption was monitored weekly. The project was approved by the Ethical Committee of the Federal University of Ouro Preto (decision 036/2008).
C -Biological evaluation
For the biological evaluation, three types of diets were prepared: a standard one, containing soybean oil (control group), and the test diets containing the crude or the degummed oil. The animals were divided randomly in the groups of eight rats each: Soybean (S), Crude oil (CO) and Degummed oil (DO). Diets (Table 1) were prepared according to AOAC (1992) and stored under refrigeration (0 -4ºC) for not more than seven days.
D -Food efficiency
The food efficiency was calculated by dividing the weight gain by food intake (x 100) after 28 days for each animal.
E -Protein determination
Protein content of the casein was measured by the semi-micro Kjeldahl method according to AOAC (1992) . The factor 6.25 was employed to convert the nitrogen into protein. 
F -Biochemical determinations
After 28 days, the animals were fasted overnight and anesthetized with ether for blood removal through the orbital plexus. Total cholesterol, triglycerides, albumin, total proteins, hemoglobin, transaminases, alkaline phosphatase (ALP), urea and creatinine were determined using the commercial kits (Labtest, Lagoa Santa, MG, Brazil).
G-Fatty acids analysis
The analysis of fatty acids was performed by the gas chromatography using a SHIMADZU GCMS-QP5050A equipment with a capillary column DB5
(30m x 0,25mm x 0,25µm), using the respective methyl esters. The relative retention time with those of the standards (Sigma Aldrich Co, USA) was used to identify the fatty acids and the area under each peak in the chromatogram was employed to determine the relative percentage of each substance.
H-Statistical analysis
Statistical analysis of data was done by one-way ANOVA. When p < 0.05. Tukey's test was done to determine the specific differences between the means (Snedecor and Cochran, 1971) .
RESULTS AND DISCUSSION
Despite having its leaves been extensively studied for its medicinal and nutritional properties (Ferreira et al., 2008; Broin, 2007) , the moringa tree has not had its oil biologically investigated so far. The moringa oil contains a diversity of fatty acids that enables it to fulfill the needs of the animals in the 28-day assay (Banerji et al., 2009; Elkhalifa et al., 2007) . A similar pattern was observed by Manorama and Rukmini (1991) , when studying the performance of crude palm oil in the rats in equivalent conditions. Other unusual oils, such as coriander (Mironova et al., 1991) and grape seed (Mironova et al., 1990) were studied using the rats and both were shown to be equivalent to sunflower oil as far as biological properties were concerned. On the other hand, a meal prepared with the whole moringa seeds induced deleterious effects in the animals that took the diet containing the meal (Oliveira et al., 1999) . Perhaps the water soluble anti-physiological factor(s) responsible for those effects were not carried when the oil was extracted from the seeds. As a matter of fact water soluble lectins with hemagglutinating activity for rabbit erythrocytes were identified in moringa seeds, for instance (Santos et al., 2005) . In addition, serum alkaline phosphatase activity (Table 2) was lower in the animals consuming the crude oil diet possibly due to the metal-lowering action of substances such as phytates found in the moringa seeds (Ferreira et al., 2008) . When the degummed oil was given to the animals, ALP activity was comparable to the control values, indicating the beneficial effect of the degumming process. When comparing other serum parameters of the rats fed with the diets containing soybean and moringa oils, no difference was found in the total and in HDL-cholesterol. Triglycerides were augmented in the animals fed with the tested oils. A similar result was found by Manorama and Rukmini (1991) when testing the crude and refined palm oils against the groundnut oil in the rats during 28 days. Nevertheless, when the animals were examined after 90 days of experiment, the TG values were statistically equal amongst all the groups. The reasons for this remain to be established, especially when one takes into consideration that the increase in the TG was more pronounced with the crude than with the degummed moringa oil-fed rats. Again the degumming process might have played a role in improving the nutritional quality of the moringa oil. Transaminases activity was not altered by the moringa oils, which showed that no liver damage was caused by these. Albumin synthesis by the liver was not affected by the ingestion of both the moringa oils and only a discrete increase in the total protein was found in the serum of CO animals, possibly due to the increase, although not significant, in serum albumine in these rats. The renal function of the rats was assessed by serum creatinine and urea concentrations. While the first was augmented in the moringa oil-fed rats, urea had similar values amongst all the groups. This indicated that no renal injure was apparently induced by the tested oils, although the discrepancy between the two parameters demanded further investigation. These results suggested that the degummed M.oleifera oil had adequate biological quality as compared to the crude oil.
